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Introduction
The primary aim of ST segment elevation myocardial infarction (STEMI) treatment is timely restoration of the patency of the infarct related artery (IRA). Though primary percutaneous coronary intervention (PCI) is considered the standard-of-care, it is accessible only for a fraction of patients in low-and-middle income countries (LMIC) like India where stand-alone thrombolysis still remains the commonest form of reperfusion therapy. [1] [2] [3] [4] 'Pharmacoinvasive (PI) strategy' was developed to combine the advantages of early reperfusion with thrombolysis and improved IRA patency with PCI. "Pharmacoinvasive strategy" has been endorsed by both the European Society 5 as well as American Heart Association STEMI guidelines. 6 In this strategy, where delay-to-primary PCI is more than 120 min or the door-to-balloon minus door-to-needle time is more than 60 min, the early presenters undergo thrombolysis and are then routinely transferred to a PCI capable centre for angiography within 3-24 h. The available evidence from the recent PI trials do not report any differences in the clinical outcomes (including mortality, reinfarction, stroke) between the primary PCI and PI group and these studies have shown shorter time-toreperfusion and higher culprit vessel patency in the PI arm. [7] [8] [9] In a prospective, observational, multicentre study comparing PI with tenecteplase versus primary PCI in Indian patients with STEMI (STEPP-AMI), 10, 11 the mortality rates between the PI and primacy PCI arms were comparable. Though PI strategy may be an effective strategy in LMIC, there are no major studies in the Indian scenario that have evaluated this strategy using streptokinase. The current study is designed to assess the angiographic flow profiles and clinical outcomes in patients who underwent PI management strategy with streptokinase as the predominant thrombolytic agent in the TN-STEMI programme conducted in the state of Tamilnadu.
Methodology
The 'Tamilnadu À ST segment elevation myocardial infarction (TN-STEMI) programme' was designed with the aim of delivering timely reperfusion therapy for patients presenting with STEMI in the Indian set-up. The rationale and detailed design of the TN-STEMI network has been described previously. 12 The programme introduced a 'hub-and-spoke' model to address the deficiencies in the infrastructure and patient transport in the existing STEMI-care, by forming strategic partnerships with the government and ambulance systems and utilising the latest developments in data collection. The programme systematically collected data of the existing practice of STEMI management in the first phase (pre-implementation) and then introduced a systemof-care for STEMI management in the second phase (postimplementation). The 1 year data has been published earlier. 13 In the programme, 2420 consecutive patients were enrolled between 2012 and 2014 in '4 hub and 40 spoke centres' in the state of Tamilnadu, India. There were 2167 patients in the study who received one of the three treatment strategies: stand-alone fibrinolysis (929 patients), fibrinolysis followed by angiography-PI approach (423 patients) and primary PCI (815 patients). The study observed a decrease in various time-delays and higher adoption of either PI or primary PCI as a reperfusion strategy.
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There was also a 3.4% absolute mortality reduction at the end of one year. Though we had shown a significant reduction in standalone thrombolysis and a significant increase in pharmacoinvasive strategy, the mechanisms which provided the improvements in the 1 year mortality remained unclear. We therefore evaluated clinical events, time-delays and coronary angiograms among patients who underwent fibrinolysis followed by cardiac catheterization (423 patients).
Objectives, data collection, definitions
The primary objective of the study was to assess the impact of implementation of a system-of-care for STEMI, on the IRA patency and thrombus load in the patients who underwent PI treatment. The secondary objective was to assess the effect of the programme on 1) time-delays, 2) MACCE, 3) Major and minor bleeds.
The PI cohort underwent onsite fibrinolysis in spoke centres within 12 h of onset of symptoms followed by transfer to one of the four PCI capable hospitals as a part of the PI strategy. Patients with failed lysis or those in cardiogenic shock were transferred for PCI as a part of the rescue PCI strategy.
Data were collected from the 4 clusters during both the phases of the programme with the help of electronic data capture application for the demographic characteristics, clinical findings, medications and cardiac catheterisation details. All the angiograms were collected from the hubs and analysed in an independent corelaboratory (Indian Cardiology Research Foundation Core laboratory, Chennai, India). The investigator overseeing the angiographic data of the total cohort was blinded to the distribution of the patients between the two groups. Angiographic determination of artery patency was based on TIMI flows described by the Thrombolysis In Myocardial Infarction group 14 (Appendix A).
Infarct related artery (IRA) patency rates were derived as a sum of TIMI 2 and 3 flows. Grading of thrombus burden was based on the definitions given by the TIMI group 15 (Appendix B).
The clinical events reported in this study include all-cause mortality, reinfarction, ischemic stroke, haemorrhagic stroke, major bleed, minor bleed, angina or any cardiac symptoms requiring hospitalization and repeat revascularizations. The Major Cardio and Cerebro-Vascular Event (MACCE) rate has been reported as a composite of death, re-infarction and stroke. The reported follow-up of the patients are at three stages: in-hospital, 30 day and 1 year. The definitions (Appendix C, Appendix D) of stroke, reinfarction, major and minor bleeding is in accordance to the clinical data standards. 
Statistical analysis
Continuous variables presented in the tables are summarised using descriptive statistics and the categorical data are presented as numbers with percentages. The time-delays are presented as medians with 25th and 75th percentiles. Comparison of variables between the two groups has been done with appropriate testschi-square/Fischer exact test for categorical variables, student T test for means of continuous variables, Mann-Whitney U test for the various time-delays. The various variables capable of predicting TIMI flows !2 have been studied using a binary logistic regression model where age, diabetes, hypertension, smoking status, heart rate, systolic blood pressure, various time-delays and pre-post group status were incorporated into a forward regression model. The likelihood of prediction of TIMI flows !2 is presented as odds ratio with 95% confidence intervals. The fitness of the model was tested using Hosmer and Lemeshow test. All calculated p values are two-tailed and are set at statistical significance of 0.05. All confidence intervals are reported at 95% level. The study conforms to ethical principles in the Declaration of Helsinki and the study has been approved by the local institutional ethics committee.
Results
Amongst the 423 patients in the PI cohort, 16 were excluded where either angiographic data was not available or patients had rescue PCI for failed lysis or directly transferred for PCI in the setting of cardiogenic shock. The study included 407 patients, 114 patients (28%) in the 'Pre-implementation' group and 293 (72%) in the 'Post-implementation' group.
The baseline characteristics of the pre-and post-implementation groups are summarised in Table 1 and the salient features are mentioned below. There were no significant differences in the baseline variables between the two groups except for heart rate, systolic blood pressure and distribution of hypertension. Streptokinase was the predominant thrombolytic agent (94.6%) used. Overall, the proportion of patients who received adhoc PCI, CABG and medical therapy were 50.9%, 14.5% and 34.1% respectively. Radial vascular access was used in 78.4% of the patients.
The time delays, TIMI flows ( Fig. 1 ) and thrombus burden are detailed in Table 2 . In the post-implementation phase, there was a significant improvement in 'First medical contact (FMC)-to-ECG' (11 vs. 5 min, p < 0.001) and 'Lysis-to-angiogram' (98.3 vs. 18.25 h, p < 0.001) times and number of coronary angiograms performed within 24 h (20.7% vs. 69.3%, p < 0.001). The 'Time-to-FMC' (160 vs. 135 min, p = 0.07) and 'Total ischemic time' (210 vs. 176 min, p = 0.22) showed a decreasing trend in the post-implementation period. IRA patency (after fibrinolysis) was noted in 86% of the patients in the post-implementation group compared to only 70.2% in the preimplementation group (p < 0.001). TIMI 3 flows were noted in 37.5% and 25.4% in the post and pre-implementation groups respectively (p = 0.02). Similarly there was a significant reduction in the thrombus burden in the post-implementation group (49.1% vs. 73.4%, p < 0.001). TIMI 3 flows were achieved in 96.1% patients who underwent a PCI (96.1% in the pre-and 96.8% in the postimplementation groups respectively). Table 3 compares clinical events between the groups. The overall cumulative 1 year MACCE and all-cause mortality rates were 9.6% and 8.5% respectively. There was no significant difference in the overall MACCE or individual event rates between the groups except for lower readmissions (29.8% vs. 12.6%, p = 0.0002) and repeat revascularization at 1 year (4.8% vs. none, p = 0.002) in the post-implementation group.
A binary logistic regression analysis to predict better TIMI flows (2 and 3) in the total cohort was performed with 14 variables (Table 4) . It revealed that the 'Implementation of the TN-STEMI programme' was the only significant variable amongst the others in the regression model which was contributing substantially to better TIMI flows. In the model, the implementation of the TN-STEMI programme had 3.57 times more likelihood (Odds ratio = 1/0.28 = 3.57) of TIMI flows !2 compared to the preimplementation group. 
Discussion
The current study shows that implementation of a system-ofcare for management of STEMI was associated with 1) shorter times to cardiac catheterisation, 2) better IRA patency rates, and 3) lower thrombus burden.
The TN-STEMI programme addresses the gap in research in acute cardiovascular diseases with a long term follow-up in India. 18 In an earlier paper, we have shown the impact of the model on various health metrics during the post-implementation phase and observed a decrease in various time-delays, higher rates of coronary angiography (35.0% vs. 60.8%; p < 0.001) and PCI (29.5% vs. 46.5%; p < 0.001), and greater adoption of either PI or primary PCI as a reperfusion strategy (46.4% vs. 70.6%; p < 0.001).
The TN-STEMI model-of-care resulted in 3.4% absolute mortality reduction at end of 1 year with 'any' form of reperfusion therapy in 2167 patients. The majority of this difference was in the spoke centers (3.3% mortality reduction compared to only 1.1% in the hub centers). 13 In the pharmacoinvasive cohort, which has been analysed in the present paper, majority of the patients were from spoke centers (245 patients, 60.2%). This could have contributed to the higher mortality reduction observed in the spoke centers than in the hub centers in the total cohort of the earlier paper. The impact of PI strategy with newer generation thrombolytic agents has been established. [7] [8] [9] However with financial constraints in LMIC, streptokinase continues to be the commonly used thrombolytic agent. [1] [2] [3] [4] There are no major studies which have evaluated streptokinase as a part of PI strategy in contemporary practice. In addition the impact of systems-of-care on angiographic outcomes with PI strategy utilising streptokinase is also not known. TN-STEMI programme provides a unique data on this subset of patients and should be of great interest in other LMIC, where a similar strategy can be used. Timely restoration of IRA patency in STEMI is critical for myocardial salvage. Fibrinolytic agents and primary PCI are equally effective in the initial hours of STEMI. 5, 6 Hence for thrombolytic to be effective reperfusion agents, shorter times-to-treatment is important, more so with agents like streptokinase. This underscores the need of a system-of care in order to deliver timely reperfusion. In this study there was an improvement in timelinestotal ischemia time, lysis-to-angiogram and the percentage of angiograms within the mandated time of 24 h. The median total ischemic time was shorter (176 min) in the post-implementation phase compared to a longer time (210 min) in the pre-implementation phase. This is comparable to the 165 min in the KAMIR registry 19 and 130 min observed in the FAST MI 2010 registry. 20, 21 In our study, prior to implementation of the programme, the lysisto-angiogram times were very high (nearly 4 days) and introducing a system-of-care has immensely helped in reducing the lysis-toangiogram times to nearly 18 h. Our analysis also shows that 60.9% patients had an angiographic evaluation within 24 h of lysis compared to a mere 21.8% prior implementation of the programme. In addition, the programme has also impacted the lysisto-PCI time, causing a significantly less time-to-PCI (17 h) in the post-implementation phase compared to the pre-implementation phase (40 h). The reported TIMI 3 flows of 34.2% in the total cohort are comparable to the 33% of TIMI 3 flows observed in the GUSTO-1 trial with streptokinase. 22 The most important observation of this study was the significant improvement in artery patency rates (86% vs. 70.2%; p < 0.001) which was driven by increase in the TIMI 3 flows (25.4% vs. 37.5%; p = 0.027) and reduction in TIMI 0 and 1 flows (18.4% vs. 29.8%; p < 0.001) in the post-implementation phase. There was also a concomitant significant reduction in the thrombus burden (49.1% vs. 73.4%; p < 0.001). The improvement in TIMI flow and reduction of thrombus load can be attributed to the reduced ischemia times and time-to-lysis, though not significant individually in this analysis. The system-of-care could have impacted all these factors and hence was responsible for this improvement. In the present study, our observations in the PI cohort did not reveal any change in the primary clinical outcome of MACCE rate including mortality, stroke or reinfarction between both the groups. The observed 30 day and 1 year mortality rates of 1.7% and 9.2% respectively in the post-implementation phase is comparable to the 30 day and 6-to-12 month mortality rates of 3.3% and 4.8% respectively observed in a meta-analysis of studies with an early PCI strategy following thrombolysis with newer generation lytic agents. 23 In the same meta-analysis, the observed stroke and 6-to-12 month reinfarction rates were 0.7% and 3.9% respectively comparable to 0.3% and 1.02% at 1 year respectively in our study. The safety end points were not different and shows that though there was a significant reduction in time-to-catheterisation, safety was not an issue. There were no major bleeding events observed in the cohort. Though the observed median time to an invasive strategy (nearly 21 h) is within the current recommendation of 3-24 h, this was achieved only in 53.3% of the study patients. These longer times and in addition a predominantly radial vascular access might have contributed to lower bleeding events. Readmission and re-interventions improved in the post-implementation phase possibly due to the impact of the system-of-care on multiple parameters.
The study has reported observations on a cohort who underwent angiography following fibrinolysis and thus has the inherent limitation of an observational quasi-experimental study Table 3 Comparison of clinical outcomes between Pre-and Post-implementation groups.
Variables
Total group Pre-implementation Post-implementation p value n (%) n (%) n (%) design. The project was not designed to address the safety and efficacy of the PI strategy against primary PCI or stand-alone fibrinolysis, which has been proven in prior trials. However the study reflects the real-world scenario with the available systemsof-care in our region. The study documents important facts pertinent to the adoption of a PI management strategy with improved systems-of-care to improve the contemporary STEMI facilities in the region.
Conclusion
In this study, the implementation of a 'system-of-care' with PI management strategy in the form of the 'Hub-and-Spoke' model for the management of STEMI population, resulted in shorter lysis-to-angio times, better TIMI flow patterns and lower thrombus burden. If streptokinase is used as the lytic agent, as in this cohort, it is necessary to follow systems-of-care in order to achieve a favourable outcome for patients. Importantly, increased use of the PI strategy with streptokinase in the post-implementation phase, did not increase the bleeding complications. Methodical implementation of a system-of-care [24] [25] [26] [27] will help in getting guideline-based treatments and help in achieving better clinical outcomes.
What is already known?
The TN-STEMI programme showed an improvement in the various process measures as well as clinical outcomes at 1 year in patients presenting with STEMI. Pharmacoinvasive strategy is a time tested reperfusion strategy for patients of STEMI and has shown to reduce inadvertent time-delays in establishing the infarct artery patency by primary PCI.
What this study adds?
The TN-STEMI model-of care in STEMI patients who were offered pharmacoinvasive treatment predominantly with streptokinase, has resulted in improvement in the angiographic outcomes in the form of reduction in thrombus burden, improvement in TIMI flows and artery patency rates in the post-implementation phase.
Source of funding
The research drew support and funding from the Indian Council of Medical Research (ICMR); Independent grant 5/4/1-14/11-ncd-ii
Funding/support
The Tamil Nadu ST-Segment Elevation Myocardial Infarction (TN-STEMI) programme was supported by independent grant 5/4/ 1-14/11-NCD-II from the Indian Council for Medical Research.
Role of the funding/sponsor
The TN-STEMI programme did not have a role in the writing of the manuscript or the decision to submit the manuscript for publication. STEMI India, a nonprofit organization dedicated to the improvement of care for patients with STEMI in India, played a role in the development of the study protocol.
Conflicts of interest
All authors declare that there are no conflicts of interest. Loss of neurological function caused by an ischemic or hemorrhagic event with residual symptoms at least 24 h after onset or leading to death Cardiogenic shock Hypotension (a systolic blood pressure of less than 90 mmHg for at least 30 min or the need for supportive measures to maintain a systolic blood pressure of greater than or equal to 90 mmHg), end-organ hypoperfusion (cool extremities or a urine output of less than 30 mL/h, and a heart rate of greater than or equal to 60 beats per minute).
